Rates of menstrual disorders were studied in 231 female production workers with high exposure to toluene (mean 88 (range 50-150 ppm) in a factory manufacturing audio speakers and compared with a control group of 58 female production workers in other departments in the same factory who had little or no exposure to toluene (0-25 ppm). An external community control group of 187 working class women under routine care at public maternal and child health centres were also studied. Detailed menstrual and reproductive histories were obtained by personal interview using a structured questionnaire. The rates for dysfunctional uterine bleeding (cycle irregularity and prolonged or heavy menstrual bleeding) were similar in all groups. Dysmenorrhoea seemed to occur more often in the women highly exposed to toluene compared with women at maternal and child health centres, but not compared with factory controls with low exposure to toluene. There was no evidence that dysfunctional uterine bleeding was likely to result from exposure to toluene. It is uncertain whether dysmenorrhoea was associated specifically with exposure to toluene, as other behavioural and work related factors may also result in dysmenorrhoea. (British Journal of Industrial Medicine 1992;49:799-803) Occupational exposure to toluene is widespread as it is commonly used as a solvent in the manufacture and industrial applications of paints, thinners, adhesives, inks, and pharmaceutical products. Few studies have investigated the effects of toluene specifically on the gonads and hormones in occupationally exposed women but some have reported menstrual disorders in workers exposed to toluene. For instance, prolonged and heavy bleeding was more frequent in women exposed to benzene, toluene, and xylene.'
Occupational exposure to toluene is widespread as it is commonly used as a solvent in the manufacture and industrial applications of paints, thinners, adhesives, inks, and pharmaceutical products. Few studies have investigated the effects of toluene specifically on the gonads and hormones in occupationally exposed women but some have reported menstrual disorders in workers exposed to toluene. For instance, prolonged and heavy bleeding was more frequent in women exposed to benzene, toluene, and xylene.'
Related studies of menstrual function in women Department of Community, Occupational, and Family Medicine, National University of Singapore T P Ng, S C Foo Health Services for the Elderly, Ministry of Health, Singapore T Yoong working in the production of electrical insulating materials have reported that the women experienced a greater frequency of polymenorrhoea, dysmenorrhoea, and irregular cycles than controls.2' Exposed women were also stated to be more likely to experience changes in menstrual function (increased blood loss, menstrual pain, and alteration of cycle duration) after starting work in the industry. These studies have been critically reviewed' and it was concluded that the effects on menstrual function could not be readily attributed to toluene alone as the workers were also exposed to other chemicals. It seems also that in the series of separate studies24 the same group of women was investigated several times over. Also, the controls used were office workers in the same factory. These might be different from production workers in terms of socioeconomic situation, nutrition, and general working conditions, all of which may affect gynaecological function.
The present study was undertaken to assess the menstrual function of female workers exposed to a single solvent-toluene. Effects on pregnancies among married women were also studied and are reported elsewhere in this journal. Materials The workers were exposed to fairly constant concentrations of toluene during the workshift. A number were exposed to high concentrations of airborne toluene mean 88 (range 50-150) ppm, on two floors in the factory building where speaker parts were finally assembled by bonding with large quantities of resinous glues (final bond assembly). The solvent was exclusively toluene. In two other departments in the same building, where cones and coils were made, workers were exposed to low or negligible toluene (0-25 ppm) arising from small amounts of hot pressing and bonding work. Some cross contamination occurred from high exposure areas, as the workrooms were equipped with a total recirculation air conditioning system. Some workers in the departments with low exposure to toluene were also exposed to low levels of other environmental hazards-namely, noise, heat, lead, methanol, and methyl ethyl ketone. Hygiene assessments indicated that the exposure of workers to these potential hazards were well within acceptable (American Conference of Governmental Industrial Hygienists threshold limit values) limits. All the female production workers did similar assembly jobs, sitting down, and with little or no lifting or carrying ofheavy loads. They all worked regular day hours.
A total of 755 workers were employed in assembly line production work, including male, part time, and permanent nightshift workers. The number of women on full time regular day employment was 343, and of these 311 women were successfully interviewed (91% response).
We also included an external community control group of women who were receiving routine antenatal and postnatal care in several public (government) maternal and child health centres situated in industrial areas among which the factory was located. A total of 190 attending women were consecutively interviewed, with no refusals. Twenty nine women (15%) were currently employed in factory production jobs and 104 were housewives (55%). Among the current housewives, 66 were previously employed in factory production jobs (35% of total).
The interviews were conducted through a structured questionnaire by two trained women field investigators. The principal parts of the questionnaire included questions related to: (1) Menstrual disturbances were characterised by (1) cycle irregularities: short cycles if either or both of the shortest and longest cycles were less than 14 days; long cycles if either or both of the shortest and longest cycles were more than 42 days; both short and long cycles if the shortest cycle was less than 14 days and the longest cycle was more than 42 days; (2) prolonged menstruation: defined as menstrual flow lasting more than seven days. The analysis was based on the data of 476 women from maternal and child health centres were slightly after excluding 19 women who were aged over 40, older than the factory women and differed in marital four women with thyroid disease, and two women state (all were married) and race (proportionally with primary amenorrhoea confirmed by a physician. more Malay women). Few women were currently Statistical analyses were performed with standard using hormonal contraceptives or intrauterine contingency tables and tests of statistical significance devices (this finding is similar to that of a recent (z2, Fisher's test, and Student's t test). Stratified community survey of women of reproductive age8).
analyses and Mantel-Haenszel procedures were also The women from maternal and child health centres, used, where appropriate, to control for known however, had a higher rate of previous use of possible confounders.
hormonal contraceptives.
The most common cycle irregularity was increased cycle duration (short cycles were reported in one Results woman, and both long and short cycles in another); The high exposure group was similar in relevant both increased and decreased amounts of menstrual personal characteristics to the low exposure group in flow and only increased duration of menstruation the same factory (table 1) . Exceptionally few women were reported. No statistically significant differences in all groups were smokers or drinkers. The women occurred in the frequencies of cycle irregularity or None of the differences were significant. IM 4 alterations in the amount or duration of menstrual flow between groups. Although only married and parous women were found among the maternal and child health centre control group, the results were essentially similar when the data were examined by stratifying on marital state or parity. Alterations in frequency and severity of dysmenorrhoea and the prevalence of severe dysmenorrhoea were more common in the high exposure group of women compared with the women from maternal and child health centres (table 2). These differences were not entirely explained by parity, hormonal contraceptive use, or employment in production jobs, and they remained highly significant after adjustment for these factors in stratified analyses with the Mantel-Haenszel procedure. The rates for dysmenorrhoeic complaints in the high exposure group, however, were not statistically significant when compared with the factory group with low exposure to toluene.
If changes in menstrual function were indeed associated specifically with high exposure to toluene in the factory, such changes after employment might be expected to occur more often in the high exposure than in the low exposure group. The results, however, suggest that both groups were likely to experience similar magnitudes of changes in menstrual function after employment at the factory (table 3) .
Discussion
The present study generally does not support the findings of previous studies reporting a higher incidence of menstrual disorders in women occupationally exposed to toluene. Many factors, both personal and environmental, are known to influence menstrual function. For working women, menstrual functions are especially likely to be influenced by physical and psychological stress resulting from events in personal life and changes in environment at home and in the workplace. Both the factory control and exposed groups in this study performed similar routine and repetitive jobs sitting down, during regular daytime hours. The influence of workplace stressors such as shiftwork, heavy manual lifting, noise, and other chemical exposures could be ruled out in the workers with high exposure to toluene. Some of the women in the factory control group were exposed to low levels of noise, lead, methanol, methyl ethyl ketone, and other chemicals. These are possible workplace stress factors and may arguably increase the frequencies of menstrual disorders in this group of women, thus possibly obscuring a true difference in rates between the factory exposure groups.
The external control group employed were healthy women who attended community based maternal and child health service clinics for routine care and monitoring of their pregnancies. The women who used these public health services tended to have a lower socioeconomic background than the rest of the population, and many of them were currently or previously manufacturing production workers. In this respect, they were comparable with the women exposed to toluene in the factory. At In conclusion, we found no evidence of an association between dysfunctional uterine bleeding and specific exposure to toluene. It is uncertain whether dysmenorrhoea is associated specifically with exposure to toluene as many other personal and work related factors were also likely to influence menstrual function.
